Summary. The airway mucosa is known to be densely supplied with several types of peptidergic nerve fibers. The distribution of the nerve fibers in a large extent of the mucosa, however, has been difficult to visualize by observation of conventional thin sections. In the present study, whole mount preparations of the rat tracheal mucosa were designed to demonstrate calcitonin generelated peptide (CGRP)-containing nerves which are most predominant among peptidergic nerves in the trachea. The mucosal sheet of the trachea was separated from the cartilaginous base by means of dispase, a protease, to be processed to immunohistochemistry for CGRP.
Sensory nerve fibers, densely distributed in the airway epithelium, are believed to take part in the pathogenesis of bronchial hyperresponsiveness (for review : BARNES 1986a; BARNES et al., 1991a, b) . Intraepithelial nerve fibers have recently been immunohistochemically shown to contain substance P (SP) (LUNDBERG et al., 1984) and calcitonin-gene related peptide (CGRP) (UDDMAN et al., 1985; CADIEUX, 1986) , which are predominant signal peptides of primary sensory neurons. Both peptides have been shown to coexist in afferent neurons of airways (MARTLING et al., 1988; DEY et al., 1990) . In the rat airways, however, CGRP-Immunoreactive nerve fibers have been reported to be more abundant than SP-immunoreactive ones (BARNES et al., 1991b; SHIMOSEGAWA and SAID, 1991) . On the other hand, broncho-pulmonary paraneurons, endocrine in nature, were reported to contain CGRP, but not SP (UDDMAN et al., 1985; CADIEUX et al., 1986; LAUWERYNS and RANST, 1987) .
CGRP-or SP-containing nerve fibers are also densely distributed in smooth muscles, glandular acini, or blood vessels of the airways (CADIEUX,1986; LUNDBERG et al., 1988) . It seems reasonable to regard these nerve fibers as axonal collaterals of the intraepithelial nerve fibers. If so, it is possible that the axonal reflex might exist in the respiratory tract:
*This study was supported by Grant -in-Aid for Scientific Research (No. 03670006 ) from the Ministry of Education, Science and Culture, Japan, and was entrusted by the Science and Technology Agency, using the Special Coordination Funds for Promoting Sience and Technology. local stimuli to the tracheal epithelium might induce the release of neuropeptides from those axonal collaterals, resulting in vasodilation or mucosal edema (BARNES, 1986b) . Since CGRP performs variety of actions in the respiratory organ such as vasodilation, bronchoconstriction (PALMER et al., 1987; MCCORMACK et al., 1989) , and enhancement of the chemotactic activities of eosinophils (HAYNES and MANLEY,1988; MANLEY and HAYNES, 1989) , this peptide has attracted our attention as a major candidate among those substances mediating neurogenic inflammations.
Whole mount preparation is a useful tool to study the distribution of nerve fibers over a wide area, as has been shown in the iris, vessels, and the intestine (COSTA et al., 1980; COSTA and FURNESS, 1983) . However, this method is available only for organs which are originally membranous or can be so rendered by preparation. As to the trachea, the application of the whole mount method has been limited to its membranous portion because of the cartilages being tightly attached by the mucosa (MCDONALD et al., 1988; BALUK and GABELLA,1991 
MATERIALS AND METHODS

Whole mount preparations
Male Wistar rats, weighing 200-300g, were used. Fixation and peeling of the mucosal sheets were carried out according to either of the following two methods, in which the order of mucosal peeling and fixation differs. First method: Twenty-four rats were anesthetized with an intraperitoneal injection of pentobarbital (60 mg/kg) and perfused through the ascending aorta with ice-cold physiological saline and subsequently with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4 (PB). The trachea and the main bronchi were removed together and opened along their ventral midline. After being immersed in the same fixative for an additional 1, 6, 24, or 48 h at 4C, the tissue pieces were washed in 0.05M Tris buffered saline, pH 7.6 (TBS), for 1h and immersed with one of the following four fluids for peeling the mucosa: 1) 6N-NaOH at 60C for 10-20min (TAKAHASHI-IWANAGA and FUJITA, 1986) ; 2) 0.3% dispase II (Godo Shusei, Tokyo, Japan) in TBS at room temperature for 30min, 2h, or 6h;
3) 0.1% collagenase type II (Sigma, St. Louis, USA) in PB at room temperature for 24h; 4) 0.2% hyaluronidase type I (Sigma, St. Louis, USA) in PB at room temperature for 24h.
The mucosal sheets were then peeled with forceps under a dissecting microscope.
Second method: Fresh tracheas and main bronchi were removed from 8 rats and immersed in one of four solutions for separation of the tracheal mucosa (2 animals, respectively). After the mucosal sheets were peeled, they were fixed in 4% paraformaldehyde in PBfor24h.
The whole mount preparations obtained by either of these methods were processed for free floating immunostaining by means of the avidin-biotin-peroxidase complex (ABC) method. Rinsing of the preparations and dilution of the antiserum were done with 0.3% Triton X-100-containing TBS. Endogenous peroxidase activities were blocked by treatment with 1 % hydrogen peroxide in methanol for 15 min. The whole mount preparations were exposed to a rabbit anti-rat CGRP serum (RPN 1842; Amersham, Buckinghamshire, UK) diluted in 1: 5000 for 24-72h at 4C. After rinsing, the tissues were incubated in a biotin-bound goat antiserum against rabbit IgG for 2 h, followed by the peroxidase-bound streptoavidin for 2h (Histofine, Nichirei, Tokyo, Japan). The site of antigen-antibody reaction was visualized by soaking the specimens in freshly prepared 0.02% 3,3'-diaminobenzidine tetrahydrochloride (DAB) plus 0.005% H2O2 in TBS. After a brief immersion in 0.1% OSO4i the preparations were mounted on poly-L-lysine (Sigma, St. Louis, USA)-coated glass slides (the epithelium was on top) and air-dried. The preparations were mounted with xylene-Eukitt mixture (Eukitt: 0. Kindler, Freiburg, Germany) via a graded ethanol series and xylene. Some of the immunostained specimens were lightly counterstained with hematoxylin.
The specificity of the immunoreaction was checked by preincubation of the antiserum with synthetic CGRP (10 pg/ml diluted antiserum; Peptide Institute Inc., Minoh, Japan).
Immuno-electron microscopy
Tracheas of five rats perfusion-fixed with 4% paraformaldehyde in PB were immersed overnight in the same fixative. The tissues were immersed in PB containing 30% sucrose and rapidly frozen in liquid nitrogen. Cryostat sections of the trachea, 20um in thickness, were prepared by means of a Coldtome (Sakura, Tokyo, Japan) and mounted on poly-L-lysinecoated glass slides. Without being dried, the sections were directly soaked in 0.01 M phosphate buffered saline, pH 7.4 (PBS). They were immunostained for CGRP according to the ABC method mentioned above. Rinsing and dilution of the antiserum was done with PBS without Triton X-100. The stained sections were fixed with 1% OsO, for 30 min, dehydrated in an ethanol series and embedded in Araldite resin. Ultrathin sections were prepared and stained with lead citrate before examination in a Hitachi H-7000 electron microscope.
Some cryostat sections of the trachea, after being treated with Triton X-100-containing PBS, were stained by the ABC method for CGRP and prepared for light microscopic observations. between the cartilage rings and, along its course, branches repeatedly to form a dense nerve plexus of fine and beaded fibers. x160 Scanning electron microscopy Tracheas of five rats were perfusion-fixed with 2.5% glutaraldehyde in PB, to be later immersed in the same fixative for 3 days. After being rinsed in PB, the trachea was cross-sliced at about a 2 mm thickness and dipped in 6 N NaOH for 15 min at 60°C according to TAKAHASHI-IWANAGA and FUJITA (1986) . After NaOH maceration, the tissues were rinsed in PB containing 0.05% Tween 20, and conductive-stained by the tannin-osmium method (MURAKAMI, 1974) . The osmicated tissues were dehydrated through a graded series of ethanol, transferred to isoamyl acetate, and critical point-dried using liquid CO2. The dried specimens were evaporation-coated with gold-palladium and examined in a Hitachi S-450 LB scanning electron microscope at an accelerating voltage of 10kV.
RESULTS
Methodological comments
When fresh (unfixed) materials were used, the mucosal sheet of the trachea was easily separated from the cartilaginous base by NaOH or dispase, but not by collagenase and hyaluronidase. In such preparations, however, no CGRP-immunoreactive fibers were recognizable, indicating the loss of antigenicity. Therefore, it was necessary to fix the tissues before the isolation of the mucosal sheet.
When fixed materials were used, here again only NaOH and dispase treatments were effective to peel the mucosal sheet of the trachea. The shorter the time of immersion-fixation was, the easier was the separation of the mucosal sheet. In contrast, the immunostainability of nerves was better with a longer fixation time, namely 24-48 h. In the separation of the mucosal sheet, the partial exfoliation of the epithelium was found at NaOH treatment, while the epithelium remained essentially intact after dispase treatment. Furthermore, much better staining results were obtained from the dispase-treated specimens. Concerning the incubation time of the primary antiserum, a long time exposure to the serum of more than 48 h improved the staining results.
The following procedure is recommended on the basis of our staining results. fibers in the membranous portion as shown in a whole-mount preparation. The intraepithelial nerve plexus in the membranous portion is so dense as that in the other portion, but each nerve fiber tends to run longitudinally along the axis of the trachea (horizontally in this micrograph). x500
1. Perfusion with ice-cold physiological saline, followed by 4% paraf ormaldehyde in 0.1M phosphate buffer, pH 7.4 (PB).
2. Immersion in 4% paraformaldehyde solution for 48 h at 4C.
3. Rinsing with 0.05M Tris buffered saline, pH7.6 (TBS).
4. Immersion in 0.3% dispase II in TBS for 2h at room temperature.
5. Separation of the mucosal sheet under a dissecting microscope.
6. Rinsing with TBS containing 0.3% Triton X-100 (TX-TBS).
7. Blocking of endogenous peroxidase: Immersion with 1% hydrogen peroxide in methanol for 15 min.
8. Rinsing with TX-TBS. 9. Incubation with a CGRP antiserum containing 1% normal goat serum for 48-72h at 4C.
10. Rinsing with TX-TBS. 11. Incubation with a biotin-bound anti-rabbit IgG in TX-TBS for 2h at room temperature.
12. Rinsing with TX-TBS. 13. Incubation with a peroxidase-bound streptoavidin in TX-TBS for 2 h at room temperature.
14. Rinsing with TX-TBS. 15. Visualization by 0.02% 3,3'-diaminobenzidine tetrahydrochloride (DAB). 16. Rinsing in distilled water and immersion with 0.1% 0sO4 for 1min.
17. Rinsing with water again and mounting on poly-L-lysine-coated glass slides.
18. Drying overnight at room temperature. 19. Mounting with xylene-Eukitt via a graded ethanol series and xylene.
Light microscopic observations CGRP-immunoreactive nerve fibers
Thick nerve bundles immunoreactive for CGRP originated at the lateral borders of the membranous portion and ran transversely in the lamina propria between the cartilaginous rings (Figs. 2, 11 ). Transverse bundles were not found in the membranous portion. In this portion, thinner nerve bundles, in connection with the transverse bundles, ran longitudinally with frequent branching. These nerve bundles in the subepithelial layer branched repeatedly to make a dense nerve plexus consisting of fine and beaded fibers within the epithelium in both the membranous and cartilaginous portions (Figs. 3-5 ). Nerve fibers forming the intraepithelial nerve plexus tended to run transversely in the cartilaginous portion, while longitudinally in the membranous portion (Fig. 5) . The nerve fibers appeared to comprise a network, but actually were found to cross over at different hights, and genuine anastomosis of fibers could hardly be demonstrated (Fig. 4) . Observation of cryostat sections (Fig. l) and electron microscopy (Figs. 9,10) gave evidence that the nerve plexus was located predominantly within the basal portion of the epithelium. Examination of specimens counterstained with hematoxylin gave us the impression that essentially every epithelial cell was in direct contact with one or more nerve fibers.
The nerve plexus extended throughout the tracheal epithelium with a constant density. We could not find any significant difference in the density of nerves between the cartilaginous and membranous portions, nor between the upper and lower trachea. A similarly dense plexus of CGRP-immunoreactive fibers was recognizable in the main bronchi.
CGRP-immunoreactive paraneurons
Plentiful oval and spindle-shaped cells intensely immunostained with the anti-CGRP antiserum were found scattered within the epithelium of the trachea and main bronchi (Fig. 6 ). These were the paraneuronal cells known to secrete signal peptides including CGRP. The CGRP-immunoreactive paraneurons were distributed in uniform density in the membranous portion, while in the cartilaginous portion most of them occurred between the cartilaginous rings. The cells were rather irregular in shape, some of them extending one or more long cytoplasmic processes which usually terminated in a bouton-like swelling (Fig. 7) .
In the distal area of the main bronchi, the CGRPimmunoreactive cells occurred in patch-like clusters. Each patch consisted of dozens of the immunoreactive cells. The individual cells in the cluster were oval in shape, and smoothly outlined without any cytoplasmic processes (Fig. 8) .
The CGRP-immunoreactive paraneurons, either solitary or grouped, frequently contacted CGRPimmunoreactive nerve fibers within the epithelium. The CGRP-immunoreactive cells forming clusters were more densely associated with the nerves than the solitary ones.
Transmission electron microscopic observations
Nerve fibers immunoreactive for CGRP were selectively demonstrated under the electron microscope. It was apparent that the immunoreactive nerves, naked without myelin and Schwann sheaths, were located within the epithelium; they predominantly occurred in its basal portion, near the basement membrane (Fig. 9) . Some of the nerves lay directly on the basement membrane. Since there constantly existed a narrow space between the immunoreactive nerves and epithelial cells, the nerves were considered to run through intraepithelial tunnels larger in caliber than the nerves themselves. Several nerve fibers with the CGRP immunoreactivity were tightly wrapped by microvilli-like cytoplasmic processes of the epithelial cells, especially by those of the basal cells (Fig. 10) . Although direct contact between immunoreactive nerves and epithelial cells was found frequently along their running course, no specialization of the membrane-including the thickening of membranes-was recognizable.
The immunoreactivity for CGRP was recognized diffusely in the axoplasm, but was more or less intensely concentrated in large cored vesicles which tended to be gathered in swollen portions of the immunoreactive nerves (Fig. 10) . These portions contained, in addition to the large cored ones, a large number of small clear vesicles, which were free of the immunoreactivity, except for the vesicular membrane which occasionally increased in electron density. Immunonegative nerve terminals which also contained both small clear and large cored vesicles were found adjacent to the CGRP-immunoreactive nerves.
Figs. 9 and 10. Transmission electron micrographs showing CGRP-immunoreactive nerves in the rat trachea. Fig. 9 . Four immunoreactive fibers with high electron density (arrows) are seen in the basal part of the epithelium. L lumen. Fig. 10 . A higher magnification of an immunoreactive nerve. It is located between epithelial cells (E) and the basement membrane (arrowheads), being held by fine cytoplasmic processes of the epithelial cell. The nerve contains a large number of small clear vesicles in addition to large cored vesicles (arrows), the latter being electron dense due to the immunoreactivity for CGRP. Fig. 9 : x5,300, Fig. 10 : x41,000 Fig. 11 . Schematic illustration showing the distribution of CGRP-immunoreactive nerves in the rat trachea. In the cartilaginous portion (CP), thick nerve bundles immunoreactive for CGRP run transversely in the lamina propria between cartilaginous rings and send nerve terminals toward the epithelium. In the membranous portion (MP), CGRP-immunoreactive nerve bundles, which have a connection with the transverse nerve bundles, run longitudinally in the lamina propria. These nerve bundles originate at the bilateal edge of the membranous portion. Fig. 12 . A 3-D schema of the region in the rectangle in Fig. 11 . CGRP-immunoreactive nerves are colored in red. The nerve bundles form the intraepithelial nerve plexus at the base of the epithelium, running transversely in the cartilaginous portion (CP), while longitudinally in the membranous portion (MP). E epithelium, LP lamina propria, C cartilage, BM basement membrane.
Scanning electron microscopic observations
Observation of the basal face of the tracheal epithelium, which was freed from the basal lamina by NaOH maceration, revealed nerve fibers with varicosities creeping along the basal surface of the epithelium, and frequently going in and out through gaps between the epithelial cells. Rather thick nerve fibers in the subepithelial region were enveloped by the Schwann sheath (Fig. 14) . The peripheral ends of the Schwann sheath, however, were not clearly recognized. The intercellularly fractured epithelium revealed naked nerve fibers transversing the basal portion of the epithelium (Fig. 13 ). Unaccompanied by a Schwann cell element, these ran along grooves formed on the lateral side of the epithelial cells. The epithelial cells extended lip-like cytoplasmic processes to wrap the nerve fibers (Fig. 15 ).
DISCUSSION
Preparation of whole mount specimens of the trachea
The present study introduced a novel method for whole mount preparations of the mucosa of the trachea and main bronchi, in which the mucosa is separated from the tracheal cartilage by means of an enzyme. The thin mucosal sheets obtained covered . Scanning electron micrographs of the tracheal epithelium. The epithelium has been isolated by NaOH maceration; the basal lamina has been removed. Fig. 13 . In the lateral view of the fractured epithelium, a naked nerve fiber (arrowheads) runs in grooves on the lateral side of epithelial cells. Fig. 14 . Observation of the basal face of the epithelium demonstrates nerve fibers (arrowheads) which creep on the surface of the epithelium and penetrate into the epithelium. S Schwann cell. Fig. 15 shows a higher magnification of Fig. 14. The nerves (arrowheads) are covered by the cytoplasmic processes of epithelial cells (P). Fig. 13 : X6,000, Fig. 14: x2, 800, Fig. 15: x7, 000 the entire length of the trachea and main bronchi, and after immunohistochemical staining, were mounted on glass slides for permanent preparations. These preparations made it possible to visualize the distribution and structures of the cellular elements throughout the trachea and main bronchi.
Dispase II, which was used for separating the mucosal sheet from the cartilaginous base in the present study, is a neutral protease derived from Bacillus polymyxa, and is believed to cleave fibronectin and type IV collagen. This enzyme has been applied to peeling epidermal sheet from the dermis by some dermatologists (KITANO and OKADA, 1983; STENN et al., 1989) . The dispase treatment easily peeled the mucosa in unfixed specimens of the trachea, although this procedure caused a loss of CGRP antigenicity. It is essential, therefore, to fix the tissues before the dispase treatment.
The mucosal sheets obtained in the present study likely contain the whole layer of the lamina propria in addition to the epithelium, since the remaining tissues after the dispase treatment consisted of only the perichondrium and the cartilages (our unpublished data). The structure of the epithelium in our whole mount preparations was well preserved, at least at the light microscopic level, and the immunostainability of CGRP nerves was not affected by the dispase treatment.
NaOH maceration is very useful for removing connective tissues for SEM observations (TAKAHASHI-IWANAGA and FUJITA, 1986) . This procedure was shown in the present study to be available for the separation of tracheal mucosal sheets, though certain severe conditions concerning the temperature and incubation time had to be fulfilled.
For immunohistochemistry of whole mount preparations, one of the major problems is the penetration of antibodies. We obtained good staining results in the tracheal mucosal sheets with a method characterized by long incubation time with the antiserum and by the use of a detergent (Triton X-100). Our success may be explained also by the fact that dispase itself improved the permeation of antibodies. Concerning this problem, COSTA et al. (1980) claimed that dehydration and rehydration of whole mount preparations dramatically improved the penetration of antibodies, and that such commonly used methods as freezing and thawing or treatment with detergents failed to increase the stainability of immunohistochemistry (COSTA et al., 1980; COSTA and FURNESS, 1983) . The treatment recommended by COSTA et al. may be worth examining with our materials.
Distribution and structure of intraepithelial nerves
Numerous intraepithelial nerve fibers have been demonstrated in the airways of various mammalian species, including man, by silver impregnation methods (BERKLEY, 1893; STOHR, Jr., 1957) or methylene blue staining (LARSELL, 1921) . The ultrastructure and possible nature of the nerves were studied also by means of electron microscopy (JEFFERY and REID et al., 1973; LAITINEN,1985) . Recently, the existence of SP and CGRP in the nerves of the bronchial epithelium has been demonstrated by immunohistochemistry (MARTLING et al., 1988; LUNDBERG et al., 1988; DEY et al., 1990) . As these signal peptides are known to reside in the primary sensory neurons, this finding strongly suggests that the SP-and CGRPimmunoreactive nerves in the airways might be sensory in nature.
The CGRP-and SP-immunoreactive nerves in the epithelium of the trachea are believed to be originated from the nodose ganglion and dorsal root ganglia (CADIEUX, 1986) . However, the running course of these nerve fibers from the ganglia to the epithelium remains unclear. The present observation of whole mount preparations revealed that thick nerve bundles enter the mucosa at the level of every cartilaginous ring, giving rise to nerve bundles in the lamina propria to supply the intraepithelial nerve plexus (Figs. 11, 12) . Different nerve courses in the membranous and cartilaginous portions were also demonstrated. The density of the intraepithelial nerve plexus was shown in this study to be uniform throughout the trachea, in contrast to a previous electron microscope study describing different concentrations of intraepithelial fibers between the upper and lower trachea, or between the cartilaginous and membranous portions in the lower trachea (JEFFERY and REID, 1973) . The concentration of the intraepithelial nerves we demonstrated in this paper are denser than have ever been reported in any other organ. The intraepithelial plexus of CGRP-containing nerves was distributed throughout the trachea, extending to the main bronchi (this study), but not to the distal bronchiolus (our unpublished data). This finding is in agreement with a previous study by conventional observation of immunostained sections (SHIMOSEGAWA and SAID, 1991) .
Some researchers believed that the nerve terminals of autonomic nervous system anastomosed repeatedly with each other to form a vegetatives Terminalreticulum (for review: SETO, 1957; STOHR, Jr. 1957) . Also in the central nervous system, certain neurons were reported to extend a true network by frequent anastomoses as shown in serotonin-immuno-reactive neurons (SANO et al., 1982) . The intraepithelial plexus of CGRP-containing nerve fibers in the trachea appears like a network, but careful observation indicates that nerve fibers, once divided, do not anastomose with each other, but instead cross over at different levels.
The present study is the first to demonstrate the ultrastructure of CGRP-containing nerve fibers in the airway epithelium. The intraepithelial nerves completely lack myelin and Schwann sheaths. It is noteworthy that naked nerve fibers are supported and presumably insulated by the basal cells, instead of Schwann cells. The intimate relationship between the basal cells and the intraepithelial nerves in the trachea has been reported by conventional electron microscopic studies (JEFFERY and REID, 1973; Mc-DONALD et al., 1988) . Recently, it was shown that the bronchial basal cells produce neutral endopeptidase (NEP) which cleaves tachykinins released from the intraepithelial nerve terminals (NADEL, 1991) . Since SP is a potent constrictor of the airway smooth muscle (LUNDBERG et al., 1983; SEKIZAWA et al., 1987) , NEP has been suggested to modulate the airway tonus by inactivating SP (and other tachykinins). Although CGRP was reported to be a less favorable substrate for NEP (KATAYAMA et al., 1990) , the CGRP-containing intraepithelial nerves and the epithelial cells in the trachea are supposed to be closely related in functional aspect as well.
The present ultrastructural study of CGRP-immunoreactive nerves in the trachea demonstrated numerous small clear vesicles without immunoreactivity, in addition to immunopositive large cored vesicles. These small clear vesicles are generally considered to contain a substance or substances with low molecular weight such as acethylcholine. The co-existence of CGRP and acethylcholine has been demonstrated in motor neurons and post-ganglionic autonomic neurons (ISHIDA-YAMAMOTO and TOHYAMA, 1989) , but not in sensory neurons. Furthermore, a histochemical study has shown that acethylcholineesterase dose not occur in the tracheal epithelium (LUNDBERG et al., 1988) . Therefore, the contents of the small clear vesicles in the tracheal CGRP nerves remain to be elucidated.
The present study could demonstrate CGRPimmunonegative nerve fibers adjacent to the immunopositive ones in the tracheal epithelium. The localization of large cored vesicles in the former suggests that they were other types of peptidergic nerves. This idea is supported by our immunohistochemical findings showing a rich existence of Metenkephalin-Arg6-Gly'-Leus-immunoreactive nerves within the tracheal epithelium of rats (our unpublished data).
Distribution and structure of paraneurons
It is well known that airway epithelium contains paraneuronal cells of sensory and endocrine nature dispersed singly or in clusters; the latter are called neuroepithelial bodies (NEB) (for review : LAUWERYNS et al., 1972; CUTZ,1982; PACK and WIDDICOMBE, 1984) . These paraneurons have been shown to contain serotonin (CU{TZ, 1982) and various peptides such as calcitonin (BECKER et al., 1980) , Leu-enkephalin (CUTz et al., 1981) , and gastrin-releasing peptide (IWANAGA, 1983) and CGRP (UDDMAN et al., 1985) . It has been suggested that these cells, or at least some of them, are sensitive to the oxygen concentration in the inspired air and release the contents of their secretory granules to regulate the tonus of vessels or airways (for review: CUTZ, 1982; PACK and WIDDICOMBE, 1984) .
The present whole mount preparations visualized the distribution of the paraneurons through the trachea as well as their entire shape. The immunohistochemistry for CGRP demonstrated that the solitary paraneurons were equally distributed in the membranous portion, while in the cartilaginous portion they were more numerous between the cartilaginous rings. SHIMOSEGAWA and SAID (1991) claimed that solitary paraneurons immunoreactive for CGRP in the rat were closely connected with CGRP-immunoreactive nerve terminals and formed the sensory units within the tracheal epithelium. On the other hand, solitary paraneurons in this study did not display specifically intimate relationship with CGRP-immunoreactive nerve fibers as compared with neuroepithelial bodies. There have been some ultrastructural studies which denied synaptic contacts between solitary paraneurons and intraepithelial nerves (JEFFERY and REID, 1973; HAGS et al., 1977) .
The present study was able to demonstrate the normal distribution and structure of CGRP-immunoreactive nerves and paraneurons in the trachea of rats by the use of whole mount preparations combined with electron microscopy. In a preliminary study using the same whole mount preparations, we revealed the overall distribution of lymphocytes, granulocytes or mast cells within the mucosal layers (our unpublished data). Studies of whole mount preparations are considered to be useful to analyze changes in the neuronal, paraneuronal and other elements under various stimuli and inflammatory conditions in the always.
